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Introduction

In order to reduce the complications related to the world-
wide diffuse hepatitis B virus (HBV) infection, mainly cirrhosis 
and hepatocarcinoma, HBV vaccine was introduced in the early 
1980s.

Initially applied to people at high risk for HBV infection, the 
vaccine is currently administered to all infants in many countries. 
It has been demonstrated that this vaccine confers long-term 
protection and immune memory to HBsAg beyond the time at 
which protective anti-HBs antibodies disappear.1

A lack of or a low response to vaccination is reported to occur 
between 4% and 10% of healthy subjects.2 A defective response 

has been correlated with age, smoking, obesity, male gender3 
and is also reported in carriers of specific human leukocyte anti-
gen (HLA) molecules, including DQ2, which is expressed in 
the large majority of celiac (CD) and type 1 diabetic (T1DM) 
patients; this genetic feature is believed to be the main cause of 
the lower anti-HBs antibody titer after vaccination4 assessed in 
CD and T1DM subjects than in the control healthy group (CT), 
as previously reported.5,6. In regard to HB vaccine efficacy in 
pathological subjects, most studies evaluated seroconversion rates 
in hemodialyzed patients, including diabetics, but this condition 
per se is related to specific issues and defective response.7

Measles vaccines are very effective in eliciting antibody 
responses; seroconversion is reported in about 95% of healthy 
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A defective production of protective levels of antibodies to Hepatitis B (HB) vaccine is reported to occur in 4–10% 
of healthy subjects and a correlation with the presence of specific human leukocyte antigen (HLA) molecules, includ-
ing DQ2, which also confers genetic predisposition to celiac disease (CD) and type I diabetes mellitus (T1DM), has been 
suggested.

The aim of this study was to analyze the serological response to HB vaccine and measles-containing vaccines in 69 
diabetic patients (T1DM), 42 patients with celiac disease (CD) and 79 healthy control subjects (CT).

The median interval between the third dose of HB vaccine and serum collection was 6.8, 3.5, and 4.7 years for T1DM, 
CD and CT groups, respectively. 50/69 (72%) T1DM patients, 32/42 (76%) CD patients and 61/79 (77%) CT subjects showed 
protective anti-HBs antibodies after vaccination, with no statistically significant difference. On the contrary, a lower sta-
tistically significant difference was found in the mean HBsAb level of T1DM subjects when compared with the other two 
groups. No correlation between HLA DQ2 expression in T1DM and vaccine response was detected.

The comparison of serological response to measles after vaccination also showed no statistically significant differ-
ences in the three groups.

Contrasting results between these data and those reported in the literature might be due to differences in the time 
intervals between vaccination and testing.

Prospective studies in pathological and healthy groups with the same age at HBV vaccination and with the same time 
interval for blood sample collection to determine antibody titers are necessary in order to provide more conclusive data.
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subjects. Besides vaccine characteristics, immunogenicity is 
also known to be influenced by genetic factors including HLA 
alleles.8 To our knowledge data on immune response to measles 
vaccine in subjects with CD or T1DM have not been reported 
yet, while specific antibody positivity to other antigens included 
in pediatric vaccines has been found in CD children.5

The aim of this study was to analyze the serological response 
to HBV and measles-containing vaccines in a group of diabetic, 
a group of celiac patients and a control group in order to clarify 
the influence of these underlying immuno-mediated diseases on 
vaccine immune response.

Patients and Methods

Patients
The study population consists of 69 consecutive patients 

affected by T1DM, referred to the Regional Center for Pediatric 
Diabetes of Verona, who were periodically followed up. Sixty-
six/69 (96.5%) diabetic patients included in this retrospective 
study had received the HB vaccination (3 doses) in the first 
year of age, according to the national vaccination schedule; two 
were vaccinated at 11 y and one at 5 y of age. They were also 
HLA-typed for DQ2 and DQ8 alleles by PCR amplification of 
genomic DNA by high resolution HLA-DQA1 and -DQB1 typ-
ing kits (Thermo Fisher Scientific Inc, USA).

Sixty-four/69 (92.7%) T1DM patients were also vaccinated 
against measles by receiving the trivalent measles-mumps-rubella 
(MMR) vaccine; 33/64 (51.5%) received 1 dose at 12–24 months 
of age and were considered for analysis.

Forty-two consecutive CD patients with documented HB vac-
cination were selected as a further population for this retrospec-
tive study. They had also received HB vaccination in the first 
year of age. Only 3/42 (7%) were already on gluten free diet at 
the time of vaccination. Thirty-five/42 (83.3%) CD patients 
were also vaccinated against measles by receiving the trivalent 

MMR vaccine; 28/35 (80%) received 1 dose, 27 at 12–24 mo of 
age and one at 18 years of age. Only 1/28 (3.4%) CD patient was 
on a gluten-free diet at the time of vaccination.

Seventy-nine consecutive CT subjects, negative for CD and 
T1DM autoantibody markers and with documented HB vaccina-
tion according to the national schedule, were selected as a control 
group. Fifty-five/79 (69.6%) CT subjects were also vaccinated 
against measles by receiving the trivalent MMR vaccine. Forty-
three/55 (78.1%) of CT subjects were vaccinated with 1 dose of 
MMR vaccine; 39 at 12–24 months of age, four at 3, 4, 5, 13 
years of age respectively.

A second dose of MMR vaccine was administered to 31/64 
(48.4%) of T1DM patients, to 7/35 (0.2%) of CD patients, 
12/55 (22%) CT subjects at 6 or 12 years of age. Since not all 
subjects received a second dose of MMR vaccine, only those who 
received one dose were considered for analysis.

The median intervals between the third dose of HB vaccine or 
measles-containing vaccine and serum collection are reported in 
Table 1. The brand of vaccines administered were not reported 
in the vaccination records. HLA typing was performed only in 
T1DM patients for reasons of costs.

Subjects with other autoimmune diseases or an incomplete 
vaccination schedule were excluded.

All subjects or their parents or guardians gave informed con-
sent to the management of their clinical data and serum analysis 
for research purposes, as per national privacy laws.

Methods
Specific HB surface antibody (HBsAb) determination was 

performed by the commercially available ELISA kit ETI-AB-
AUK-3 (Diasorin SpA, Vercelli, Italy) with a cut-off value for 
protection of HBsAb of 10 IU/L. Antibody levels were distrib-
uted into 4 ranges: 0, 1–9, 10–100, >100 IU/L. Quantitative data 
were also analyzed.

Quantification of specific IgG to measles virus was performed 
with the NovaLisa Measles Virus kit (NovaTec Immundiagnostica, 
Dietzenbach, Germany), as per manufacturer’s instructions; with 

Table 1. Characteristics of the study population

Subjects T1DM; n = 69 CD; n = 42 Controls; n = 79 P value

Age range 1–18 1–37 1–43

Median age at blood collection (year) 8 5 7 ns

Gender M/F 39/30 19/23 34/45

Time interval between vaccination and HB testing 
(median year range)

6.8 (0.3–15.6) 3.5 (0.2–13.2) 4.7 (0.12–19.5) ns

Vaccinated against measles (MMR) 1 dose 33 28 43

Time interval between 1st dose MMR and measles 
testing (median year range)

4.4 (0.25–9.8) 3.1 (0.41–12.3) 2.1 (0.2–23) ns

HLA typing in 69 T1DM patients

DQ2+/DQ8− 25 (36%)*

DQ2−/DQ8+ 20 (29%)°

DQ2−/DQ8− negative 15 (22%)

DQ2+/DQ8+ 9 (13%)

CT, control subjects; T1DM, type I diabetes mellitus patients; CD, celiac disease patients; *5 (7.2%) homozygous, 20 (29%) heterozygous; °4 (5.8%) homozy-
gous, 16 (23%) heterozygous.
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a cut off value for positivity of 11 NovaTec Units (NTU), consid-
ering border line results of 9–11 NTU as positive in the analysis.

Statistical analysis

Anti-HBs titer underwent log
10

 transformation in order to 
obtain better (more normal) distribution. An analysis of the vari-
ance (ANOVA) model was performed, using the clinical groups 
(T1DM, CD and controls) as the categorical predictor. The 
means of the various groups were then contrasted, in order to 
obtain a series of paired comparisons.

Since the three groups were enrolled in different clinical set-
tings, average effect size of risk due to T1DM and CD was evalu-
ated with a procedure that estimates average treatment effects 
(TE) from observational data via regression adjustment (RA). 
The dependent variable (outcome) was log

10
 anti-HBs concen-

tration, “treatment” was the clinical condition (either T1DM or 
CD) compared with controls, and possible controlled confound-
ers were gender and age.

All estimations were calculated with Stata 13.1.

Results

Data regarding the age at sample collection and time interval 
between vaccination and serological testing for T1DM, CD, and 
controls subjects are reported in Table 1, as well as HLA typing 
in T1DM patients. Sex and median age of patients and controls 
at the time of testing did not differ statistically between the 3 
groups.

Results of serological testing are summarized in Table 2. The 
overall proportion of subjects showing protective level of HBsAb 
did not differ in the three groups analyzed. However, a statisti-
cally significant difference was found in the mean HBsAb levels, 
which resulted lower in T1DM subjects when compared with the 
other two groups. A correlation between the presence of HLA 
DQ2 and defective serological protection against HB was not 
found in our study population of T1DM patients.

In regard to the persistency of serological protection against 
measles after 1 dose of vaccine in the three groups of subjects, 
we found positive anti-measles antibody levels in 88% of T1DM 
patients, 75% of CD patients and 89% of controls, with no sta-
tistically significant differences.

Similar anti-measles antibody concentrations in the three 
study groups were found as well. A possible role of HLA DQ2 
in hyporesponsiveness against measles vaccine was not found in 
T1DM patients.

Table 2 shows the means and SD of the anti-HBs titer in the 
three clinical groups under investigation. The log

10
 transformed 

anti-HBs titer is shown in Figure 1. The clinical groups appeared 
to differ significantly regarding the anti-HBs titer under log

10
 

transformation (R-squared = 0.0520, F = 5.13, P = 0.0068), thus 
suggesting that the groups responded to HB vaccine in a dif-
ferent way. The paired contrasts between the various groups are 
reported in Table 3. They demonstrate that the anti-HBs titer in 
T1DM was significantly lower than in controls (P = 0.004) and 
in CD (P = 0.013). Instead, no significant difference was detected 
between controls and CD patients. The TE procedure revealed 
a significant lowering effect on antibody production after HB 
vaccine administration, measured as log

10
 anti-HBs titer, due to 

T1DM. On the other hand, the effect of CD was not significant 
(indeed absent).

Table 2. Specific antibody levels against HBV and measles in patients and controls

Specific antibody T1DM; n = 69 CD; n = 42 Controls; n = 79 P value

Anti-HBs negative 19/69 (27%) 10/42 (24%) 18/79 (23%)

Anti-HBs positive (> 10 IU/L) 50 (73%) 32 (76%) 61 (77%) ns

Anti-HBs concentration (IU/L):

0 17 (25%) 1 (2%) 7 (9%)

1–9 2 (3%) 9 (21%) 10 (13%)

10–100 38 (55%) 20 (48%) 35 (44%)

> 100 12 (17%) 12 (29%) 27 (34%)

Anti-HBs concentration (mean ± SD - IU/L) 75 ± 149 150 ± 263 169 ± 268 P = 0.0068°

MMR vaccine 1 dose 33 28 43

Anti-measles antibody positive 29 (88%) 21 (75%) 38 (89%) ns

Anti-measles antibody concentration (NTU):

Negative (< 9 NTU) 4 7 5

Border line (9–11 NTU) 1 0 2

Positive (> 11 NTU) 28 21 36

Measles antibody concentration (mean NTU ± SD) 20.8 ± 8.5 18.6 ± 9.4 20.7 ± 8.6 ns

CT, control subjects; T1DM, type I diabetes mellitus patients; CD, celiac disease patients; °The P value was obtained using ANOVA procedure on log10-
transformed values.



www.landesbioscience.com	 Human Vaccines & Immunotherapeutics	 61

Discussion

In this study we retrospectively analyzed the response to HBV 
and measles vaccine in a group of T1DM and CD patients, com-
paring the results with those obtained from a healthy control 
group.

HBV vaccine elicits a protective immune response in about 
95% healthy individuals,9 although lower frequencies of sero-
conversion (75%) have been reported by other authors.10 Non-
responsiveness to HBV vaccine has been associated with factors 
such as chronic diseases, smoking, obesity and the male gender.3 
A genetic predisposition to HBV vaccine non-responsiveness has 
been attributed to particular HLA antigens,11,12 mainly DQ2 
haplotype, which is also involved in autoimmunity.13 In fact, 
while DQ2 is present in nearly 40% of the general population, it 
is expressed in 81% of CD patients. DQ8 is expressed in 5–8% 
of CD cases. CD shares common HLA alleles with diabetes mel-
litus since approximately 90% of T1DM patients express DQ2 or 
DQ8.4,14 Unresponsiveness or low response to HBV vaccine are 
reported to occur in about 50% of T1DM or CD patients5,6; as a 
consequence, it was hypothesized that HBsAg presentation may 
occur with low affinity by DQ2 in these genetically predisposed 
individuals.11

Besides this genetic background, the titer of anti-HBV anti-
bodies also depends on age at vaccination3 and declines in time, 
that may be faster in T1DM and CD patients, until it becomes 
undetectable in 15–50% cases within 5 to 10 years.15 Therefore, 
the level of antibodies is related to the time interval between vac-
cination and blood sample collection for testing.

Here we tried to establish whether responses to HBV vaccine 
and levels of serum antibodies in a group of T1DM, in a group of 
CD patients and in a CT group were also influenced by the time 

interval between vaccination and collection of blood samples; in 
T1DM patients a possible relation between DQ2 expression and 
unresponsiveness was evaluated.

Furthermore, we analyzed the effect of measles vaccination in 
the same T1DM and CD patients; although a normal response 
after tetanus, rubella, and Hemophilus influenzae type b vac-
cines was reported by other authors5 in a group of CD children, 
to our knowledge, no data are available in the literature regarding 
the efficacy of measles vaccine in T1DM and CD patients.

On the whole, we detected no significant differences in the 
percentage of responders to HBV and measles vaccines among 
T1DM, CD patients and the control group.

In T1DM patients, however, a statistically significant lower 
mean concentration of anti-HBV antibodies was found than in 
CD patients and in the control group, but no correlation between 
DQ2 haplotype and responsiveness was detected. A lack of cor-
relation between HBV vaccine response and DQ2 expression is 
reported also by another author.10.

Moreover, for CD subjects, at the time of vaccination the large 
majority of our patients were not on a gluten-free diet, in spite of 
the fact that gluten-containing diet is believed to be related to 
unresponsiveness.12

Furthermore an inverse correlation between levels of anti-HBs 
antibodies and the lag interval from vaccination and sample col-
lection for testing might exist and, almost in part, explain the 
different results reported in the literature and represent a con-
founding factor in the evaluation of results. In fact, a prospec-
tive study, with the same lag time between vaccine and testing, 
described a failure to respond to HBV vaccine in CD patients on 
gluten-free diet in a percentage similar to that observed in healthy 
people.10 Once again, the hypothesis of immune hyporespon-
siveness is not sustainable considering that a high percentage of 

responders to a booster dose of HBV 
vaccine is reported in previously vac-
cinated CD patients without protec-
tive anti HBs antibodies.10 In this 
case, as well, blood testing was per-
formed in all the patients with the 
same time interval, a short period 
after vaccination.

As regards the response to measles 
vaccine, only subjects who received 
one dose of vaccine were evaluated. 
A lower percentage of responders in 
CD patients was detected, but the 
difference was not statistically signif-
icant when compared with the other 
two groups.

In our opinion, the conflicting 
results between our findings and the 
data reported in the literature may be 
due to differences in ages at vaccina-
tion of examined subjects and the 
differences in time intervals between 
vaccination and blood sample collec-
tion for testing.

Figure 1. Log10- transformed anti-HBs titer, by clinical groups. Means and 95% confidence intervals of 
the means are indicated. CT, control subjects; T1DM, type I diabetes mellitus patients; CD, celiac disease 
patients.
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Prospective studies in pathological and healthy groups 
with the same age at HBV vaccination and with the same 
time interval for blood sample collection to determine 
antibody levels are necessary in order to provide more 
conclusive data and to see if it is necessary to revise the 
vaccination schedule in these categories of patients.
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